The cellular prion protein PrP c plays important roles in proliferation, cell death and survival, differentiation and adhesion. 
INTRODUCTION
Beside its central role in transmissible spongiform encephalopathies, through a structural conversion into a pathogenic conformer, 1 the cellular prion protein (PrP c ), which is encoded by the Prnp gene and expressed in a wide range of tissues and cell types, was
shown to contribute to the regulation of many basic biological processes, such as cell proliferation, differentiation, survival and adhesion. 2 Despite absence of any severe phenotype, thorough analyses of Prnp knockout mice demonstrated that PrP c participates to several specific functions in specialized tissues, such as neuroprotection, synaptic activity, olfaction, immune response, epithelial and endothelial barriers. 3, 4 The molecular mechanisms underlying the large repertoire of PrP c functions is far from being totally elucidated but the identification of multiple interactors began to provide more comprehensive knowledge.
PrP c was described to be produced mostly as a glycosylphosphatidyl inositol (GPI)-anchored glycoprotein associated to lipid raft microdomains of the plasma membrane, where it forms a complex with several protein partners, i.e. secreted proteins, integral transmembrane proteins and peripheral membrane proteins including signaling proteins of the Src family kinases (SFK). 5, 6 Thus, the ability of PrP c to modulate cell signaling was proposed to mediate some of its biological effects. 2, 3 Using the constantly renewing intestinal epithelium as a model, we demonstrated a dual localization of PrP c : i) in differentiated enterocytes, plasma membrane PrP c is addressed specifically toward sites of cell-cell contacts, and more precisely at desmosomes, [6] [7] [8] whereas ii) in dividing cells, it is targeted to the nucleus. 7, 9 Intercellular adhesion is able to control cell fate, especially cell proliferation. Such a process relies, in particular, on the ability of junctional complexes to sequester proteins that are otherwise able to enter the nucleus and act as transcriptional cofactors. This paradigm has been extensively illustrated by analyzing the relationships between cadherin adhesion complexes and β-catenin, the main effector of the canonical Wnt pathway. 10 Our recent results, which identified the nuclear partners of PrP c , highlight its role in signaling complexes that contribute to a coordinated regulation of proliferation and cell-cell adhesion through a nucleo-junctional interplay, thus participating to epithelium homeostasis. 9 We will discuss how these observations in tumoral and non-tumoral intestinal epithelial cells can shed a new light on recent data that identified PrP c as a potential important player in tumor biology in a large range of tissues. 6 and components of desmosomes: desmoglein 2, γ-catenin (also known as plakoglobin), plakophilin 2A and desmoplakin ( Figure 1) . 7 This junctional localization is also found in intestine in vivo, in epithelial cells of villi and at the top of crypts. 7 Desmosomes are known for their mechano-resistance properties. They have been studied mainly in skin and cardiac muscle and in pathologies of these tissues, but much less is known about desmosomes in intestine, which is highly subjected to mechanical stress. The molecular organization of these complexes is very similar to that of adherens junctions. 
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15 Moreover, PrP morphant embryos displayed deficient morphogenetic cell movements leading to gastrulation arrest, indicating that PrP c participates not only to junction stability, but also to their remodeling during dynamic rearrangements. Accordingly, PrP-2 was also shown necessary for the collective migration during lateral line sensory system development in zebrafish embryo; E-cadherin and β-catenin were mislocalized upon PrP-2 decreased expression. 16 In endothelial cells of the hemato-encephalic barrier, PrP c seems to be involved in junction remodeling upon extravasation of leucocytes and in endothelial cell migration. 17, 18 PrP c -deficient mammary epithelial cells fail to address properly E-cadherin at cell-cell contacts, but, interestingly, they were at the same time unable to rearrange adherens junctions and to accomplish epithelial-mesenchymal transition in response to TGF-β. 19 Therefore, accumulating evidences in different biological systems and organisms converge to identify PrP c as an important regulator of the dynamic assembly/disassembly of several junctional complexes involved in cell-cell adhesion.
A POOL OF PrP C IS TARGETED TO THE NUCLEUS OF PROLIFERATIVE CELLS AND IS A PARTNER OF THE WNT PATHWAY IN INTESTINAL EPITHELIAL CELLS
In proliferating intestinal epithelial cells, i.e. in the intestinal crypts in vivo or in dividing human Caco-2/TC7 enterocytes in culture, we demonstrated that a PrP c pool was present in the nucleus. 7 Although a nuclear localization of the prion protein had been reported in few studies, in particular in a human promyelocytic leukemia cell line 20 disrupted, and the stabilized cytoplasmic β-catenin is targeted to the nucleus where it acts as a co-activator of the transcription factors of the TCF/LEF family to regulate the expression of many target genes, which drive cell proliferation in intestinal crypts. 25, 26 We showed that PrP c interacts, in cytoplasm and nucleus, not only with γ-catenin but also with β-catenin and TCF7L2 (previously known as TCF4), the main member of the TCF/LEF family in intestine.
Furthermore, we demonstrated that PrP c stimulates the transcriptional activity of the β-catenin /TCF7L2 complex, whereas γ-catenin, which is known to interact with TCF/LEF as well, decreases it (Figure 1 ). 9 Dysregulation of Wnt signaling was proposed to contribute to the pathogenesis of several neurodegenerative disorders and it must be noticed that Wnt/β-catenin signaling was
shown impaired in the brain of mice infected with scrapie agents. 27 This raises the question of the respective impacts of the physiological and pathogenic forms of the prion protein on this pathway.
We showed that nuclear PrP c interacts also with YAP (Yes-associated protein), 
PrP C INTERACTION WITH JUNCTIONAL AND NUCLEAR PARTNERS: A ROLE IN EPITHELIUM HOMEOSTASIS AND CANCER?
PrP c levels are increased in several cancer types including gastric 30 and colorectal cancers; 31 its augmented expression has been associated with adenoma-to-carcinoma progression 32 and with high-grade tumors and poor prognosis of patients. 33 Based on such observations, PrP c was proposed to play a role on cancer development, tumor progression and response to therapy. The mechanisms by which PrP c mediated these effects have been unraveled in only few studies, which focused exclusively on its interaction with partners on the plasma membrane (For reviews see refs. 11, 12) . We propose that PrP c must now be considered as an actor in oncogenic processes also through its role in the dynamic of cellcell junctions and its dual junctional and nuclear localization leading to its capability to modulate the transcriptional activity of Wnt and potentially Hippo effectors. Both pathways are modulated by cell contacts and are deregulated at high frequency in many human cancers. 25, 29 Proliferation of constantly renewing intestinal epithelial cells depends on the activation of the Wnt pathway. Moreover, activating Wnt pathway mutations are frequent and early events in colorectal cancer and have been described in a variety of other tumors. 25 In agreement with a role of PrP c in the activation of the Wnt effectors, we observed an alteration of nuclear β-catenin localization in intestinal crypts from PrP knockout mice and an impairment of growth and survival of intestinal organoids derived from these mice. 9 This could explain the shortening of the villi that we described previously in PrP c knockout mice. 
